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CLAIMS : 

1 , A process for tiie production of alcoh©;^ comprising the hydrofoimjdation of an 
olefin or olefin mixture followed by catal;^c hydrogenation, wherein the hydrogoiation 
is performed m a series of at least two reaic(|>ts and water is added to the material 
discharged from the first reactor that is to |fe hydrogenated in the second reactor^ in an 
amoimt such that in the second reactor, klt|&ie water present is dissolved in the organic 
phase and wherein flie material fed to the fijrst hydrogenation reactor has a sulphur 

■ M . 

content of below 10 ppm by weight. . gf: 
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2. A process according to claim 1 whCTei|| water is added to the hydroformylation 
reactor, no fiirther water is added in thejfi^i hydrogenation reactor and water is added to 



the second hydrogenation reactor. 



3. The process according to claim 1 or-2:45 which water is carried over from the 
hydroformylation reactor or a demetallihgfr|r washing step downstream of the 
hydroformylation reactor, into the first iiy^genation reactor, Ihe amount of water 
carried over being such that all the water ij^ent in the first hydrogenation reactor is 
dissolved in the or^mic phase to be hydrdgbnated in the first hydrogenation reactor. 

- A^-j: 
I- 

■ .••'*'.^ 

4. The process according to claim 3 iniw^Sch fiirther water is added to the material 
entering the second hydrogenation reactdi^pie anxount of water added being such that all 
the water present in the second reactor is |&solved in the organic phase to be 
hydrogenated therein. ^ 



5. The process according to any of thelp^ediiig claims in which the sulphur cont^t of 



the feed to the first hydrogenation reacfot;is beloW 5 wt. ppm. 
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6. The process according to any of the preceding claims m which the olefin or olefin 
mixture used for hydroformylation has a sulphur content below 10 wt ppm, preferably 
below 5 ppm, more preferably below 1 ppm. 

7. The process according to any of the preceding claims in which the chlorine content of 
the feed to flie first hydrogenation reactor is below 10 wt. ppm, preferably below 5 ppm. 

8. The process according to any of the preceding claims for ttie production of Ce to Cis 
alcohols ftom Csto Cu olefins or olefin mixtures. 

9. The process according to any of the preceding claims in which the hydrofomiylation 
is performed at elevated temperatures and pressures using a cobalt catalyst. 

10. The process according to claim 9 in which cobalt species are removed ftom Ae 
product of hydroformylation prior to hydrogenation in ftte first hydrogenation reactor. 

11. The process according to claim 9 or 10 in which the product of hydroformylation is 
treated to remove cobalt species so that the cobalt content is below 2 wt. ppm prior to 
hydrogmation. 

12. The process according to any of the preceding claims in which the hydroformylation 
is performed at pressures fiom 50 to 350 barg, preferably 150 to 350 barg, most 
preferably fix>m 275 to 325 barg and temperatures firom 165 to 185*'C prefembly fi:om 
170 to 180*^0. 

13. The process according to any of the preceding claims in which the hydroformylation 
reaction is performed in a series of at least two reactors. 
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14. The process according to any of fixe preceding claims in which the gas composition in 
the hydroformylation reactor(s) is controlled by recycle of unreacted gasses ftom 
hydrofomtiyladon. 

15. The process according to claim 13 or 14 wh^ein the hydrogen level in the second 
(and any subsequent) hydroformylation reactor(s) is replenished by balancing the 
composition of recycle gasses and/or by intiroduciBg unreacted gasses from the 
downstream hydrogenation reactor used to convert aldehydes in the final product of 
hydroformylation into alcohols. . ' : 

16. The process according to claim 13, 14 or 15 in which a series of at least three 
hydroformylation reactors is used, and a hydrogen rich gas, comprising recycle gas from 
the hydroformylation reaction and/or froini the downstream hydrogenation section, is fed 
to the third reactor. 

17. The process according to any of the preceding claims in which the hydroformylation 

catalyst is cobalt and cobalt catalyst species are removed by injection of base such as 

caustic soda and/or sodium carbonate into &e reaction product in a decobalter vessel 

following the final hydroformylation reattdr. 

• . **• 

1 8. The process according to claim 1 or 2 fiirther comprising the aldolisation of at least a 
portion of the aldehyde or aldehyde mixlur^ produced in hydroformylation, and catalytic 
hydrogenation of at least a portion of the aljlolisation product 

19. The process according to claim 18 iri w^iich water is carried over from the 
aldolisation reactor into the first hydrog^iajion reactor, the amount of water carried over 
being such that all the water present in tlie first hydrogenatioiL reactor is dissolved in the 
organic phase to be hydrogenated in the^rst hydrogenation reactor. 
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20. The process according to claim 19 ta)which fui&er water is added to the material 
entering ttie second hydrogenation reactor, the amount of water added being such that aU 
the water present in the second reactor i^dissolved in flie organic phase to be 
hydrogenated therein. '/■ 

21 . The process according to any of daiiiis 18 to 20 wherem the olefin or olefin mixtures 
comprises C2 to C4 olefins. ^ 

22. The process according to claim 21 u^ing rhodium hydroformylation catalyst 

23. The process according to claim 21 oi>22 using a phosphorus Ugand in its 
hydroformylation reactor- iV . 

24. The process according to claim 23 wherem the phosphorus ligand is 
triphenylphosphine. 

25. The process according to claim 23 w{iweintiie pho^horus ligand is an or^c 
phosphite. 

26. The process according to claim 25 wherein die organic phosphite is 6,6'-[[33'»5,5'- 
tetralds(14-dimeaiylelhyl)-ia-bipheny^-2;i'-diyl]bis(oxy)]bis-dibenzo [d^Q [1,3,2]. 

dioxaphosphepin. % ' 

*.*r ■ 
**•* 

27. The process according to any of claitfts 21 to 26 wh^ein a Cs alcohol is produced 
from propylene. ^ . - 

28. The process according to any of claiiSi 21 to 26 wherein a Cp alcohol is produced 
from ethylene, Sv • • 
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29. The process accoiding to any of claii bs 21 to 26 wherein a Cio alcohol or alcohol 
mixture is produced from butme or fion| a butene mixtore, 

30. The process according to any of the ^ceding claims in which the hydrogenation 
catalyst is a cuprous chrome catalyst i, 

:t 

\z • I 

31. The process according to claim 30 idf which the hydrogenation catalyst contains from 
20% to 40% by weight of each of coppeit aiid chromium based on the total weigjit of 

ft-" : 

hydrogenation catalyst including any support, preferably fiom 25% to 35% of each of 

copper and chromium, more preferably [^m 28% to 32% of each of copper and 

if 

chromium, most preferably 29% to 31%.|of each of copper and chronoium. 

32* The process according to any of dailks t to 29 in which the hydrogenation catalyst 
comprises a monometallic or bimetalUcfior 'tiimetallic catalyst composition on a solid 
support fi 

H • 

33. The process according to claim 32 Wjier^in the support is selected firom alumina or 
silica-alumina or a carbonaceous suppo^ f 

I :^ 

34. The process according to claim 33 wherein Hblb catalyst composition further 
comprises an acidity modifier. 

35. The process according to claim 34 \«^etein the acidity modifier comprises a member 
of Group lA or IIA of the Periodic Tabll ofithe Elements. 

■ . 11 . 

36. The process according to claim 35 v^ber^in the acidity modifier comprises 

<r .*- 

magnesium, sodium or potassiiun, or a cj^onipound containing magnesium, sodium or 

potassium. ip 

:S '. *~ 

M \{, 
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37. The process according to any of claims fl to 20 in which flie catalytic hydrogenation 
uses a transition metal hydrogenation catalyst dissolved in an ionic liquid. 

3 8 . The process according to claim 37 wherem the transition metal is selected from 
nickel, cobalt, copper, palladium^ chromium, rafh^sniiim and rhodium^ or a mixture of any 
two or more thereof. 

39. The process according to claim 37 or^SS.wheifein the ionic liquid comprises in 
combination a first component selected fioin [BF4]*, halide anions^ [PFe]", [CF3C003", 
and [SbFg]", and a second component selected fiDoin [emim]% [bmimj*', any o^er 
disubstituted immedazolium, tihie substitii^ts being C1-C4 alkyl, or [NBuPy]^ or another 
suitable alkylammonium cation. 

40. The process according to any of the preceding claims in which the product from the 
first hydrogenation reactor passes in a line to the .second hydrogenation reactor and water 
is injected into the line and the mixture passes to-i mixer whereby the water and fee 
product are mixed so that the water is di^olved &d/or entrained in the product^ and the 
mixture is then passed to the second hydiogenatipn reactor where it passes through a 
catalyst bed at a temperature of 1 70 to 1 0OtC at ai; hydrogen pressure of 40 to 200 barg. 

•• J{ 

41 . The process according to claim 40 in wluch^m 1 to 2 wt % of water based on the 
weight of organic material is injected. ; 

42. A mixture of C5 to Cu olefihos compnsmg at. most 90 mol % of normal oldBns, which 
mixture is useful in the production of alcfbHols by|hydrofoimylation of the olefin mixture 
followed by hydrogenation, said olefin i^dxture'cbntaiiiing below 1 ppm sulphur by 
weight, preferably below 0.1 ppm, andb[eloW I p^m chlorine by weight, preferably 
below 0,1 ppm. 
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43. The olefin mixture according to claiiii.fe wherein more than 50 wt. % of fhe mixture 
comprises Ca oleiBns. \ 



44. A hydrogenation feed stream coniprisiSg aldehydes containing from 6 to 15 carbon 
atoms useful in ike production of alcohols j|y hydrogenation, said hydrogenation feed 
stream containing no more than 10 wt pi>ijj preferably no more than 5 ppm and more 
preferably no more than 1 ppm, most preferably below 0.1 ppm, sulphxir and no more 
ttian 10 wt ppm, preferably no more tiiani^ippm, and more preferably no more than 1 
ppm, most preferably below 0.1 ppm.ch^qriiie. 

45. The hydrogenation feed stream accoi^^ng to claim 44 comprising aldehydes 
containing nine carbon atoms, useful in mt^production of C9 alcohols. 
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